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CONTINUOUS CASTING APPARATUS. 



In the process cf continuous casting, for reduc- 
irK] foreign nnatters contained in nnolten steel by 
uriforrning the flow of nnolten steel with the applica- 
tion of elcctronnagnotic braking to the flow of molten 
steol emerging from the immersed nozzle (129, 
215a, or 215b}, an electromagnetic pole {112, 11 2a, 
112b, 209, or 309), which is roughly equal to the 
long side of the mold in width, is disposed oppo- 
sitely to the side portion of the long side (103, 203, 
303a, or 303b) of the mold oblong in cross-section, 
and an iron core (139) is disposed to surround the 
miold (101, 101 A, or 201). For uniforming the mag- 
netic flux density at the end and central part along 
the widthwise direction of the long side of the mold, 
a height of the magnetic pole in the vertical direction 
at the end of the long side of the mold is made 
larger than that at the central part, and a part of the 
back-up plate (1360) of the long side of the mold is 
made of a magnetic material. 
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BAC.I- <'^RCH;rJD AR ] 

T' \-: !fV/.'.. ntiof. r-Ma!(-^ [•:.< a ■ r^M-uo js castin/j 
apL ar:»tuo a^l ri^ro pa--ti.;u ariy e'ectr :»niay- 

wiich aof \:ry\^\r\ } :n a flcv t)' ricllon ^teei fror?^ 
ar, 'T.-Tier ; ion Jhjj^l-j iii tf"!e >:of lifiL:-ju3 casting of 

Jjoan.'se Pato-it Uno-:a'ri!nod Pui:-ii :at!cn No 
o.<-;:^0 ^256 i'ic-'jiiis a to::[i;i qu'!' .iire^oJ :o ar. 
ar oar :;tu3 fot (i-.j'--'?!F'ratini; a f ew cf Tio'trjf^ st'ie' 
fron^ ati mfner- icn f^ozzlt;-' in a Ccist ^vj mcilrl to 
■ t/iuc-;- inciusions ';::ontaine..i in tfi-:* ■ncittrif steel. 

A^' iifiow.'i if ^"ig: 1 an.i 2. n mU-; hni.jue 
tvvo pair5 jf !"iagr^6:i:; poles 1;^ -;f an e fMjtrv.n^ag- 
n-^ti:: rTako are di;-.po~ed I'-cally iatfraiy of a mol 
t^: n st-'e! d.S( ha^ge -Ijiw path ot ari tnirn( -r siOf^ no 7- 
ziii 20 Eio-.::rc;!r);vgnei3 11 usod ht-j-e have a 
:ctterally-ei(_-nyatod iiorst;. trioe-bh.afjt? in a haruonta" 
cross- section and coiis 28 are wourd respectively 
jn tM'? c)pj:o;:3ito ends -jf each ei'rjctromagfiet, and 
tri-;SO portions servo as the rnagrv^ic pr'los 12 

As Shawn ir- Ftg. 3 thv- magn-i^tic poios 12 are 
.tioetti-.-'.l f ^- ipo'.-'i'/f-.ly into i ptrnir (js 33 providod m 
lor-g-hiio water boA-:s 2 of tff [nold and ar^E 
o<ten.iod thioutgh iong-sirle baL;K;tip platos tnct 
ihijwti., a'>c tl^K^ ofid fa'^os of the fria;]fa;tic pok;^ 
aro :•- ■a.rC'J to long-S'dti :nof.)Of ijiates; H by bolts 
lk':!rol',' nuoi'.'Jij yt;Ki; i.( irtK-n.-. 13 jf Ihi;; oluo- 
troma jr^ots 1 1 !:n tfv? long-5id€' water tto<eiS 2. Thc- 
lijr^g : i' io wcit(^t Ikj.v ;> 1-5 .-r-oL-ntcd c-n a n"^.ald :::Up- 
L^'.at \ a:no Ja through 5LipC'<:ai snaP.s 34 mouf^t'-ci 
.11-. thi- (inirdsitj;; t-no? of tfi s r^r-x Tli-? r'ni Pi sapfi^r-rt 
i:.-:'Tio 35 ly ^•■■r.ritad .ui v'hrati ;n Uibl-.-: 8. The- 
!c-ng-::-.io t)acka! - piato. crvc-rrn^ a rocicn 0 5 to 2 
'i!r;or> i.:irq';r tr' fiz ': tfiai"* c:j.::n sn.i>: (. * tfic: magnot:?: 

rj 10 ■■ tTT:d-; Of "i J'*"! a- ' 'T"--'ltrr' t :»l 

Ir: F-r; : 1 - cjfo 3. 4 oon.;ao;: ci sh^J't-^i^.:e 
t.^":';-i!: fjiatr:\ ;P:oo1-!: a ^'ijrt-;: ej:.^ri-";r c'a*-^ 
2n di .ic-tor a -i^-t pir 2!).i -.1 j.-ak'C a tru-'tai 
::aa. ' o'lot. 3U d^a .'>•::; t''o I'u. Hon s'oo- ano 4U 
(iro: tr ^ Itnos f rTVi joofi "- *:a:-^- 

Ir-: tf-o a'joar k-|0;; disoh isoo i'^ Mv: i ^'O Japa- 
r-'^s-: f^:^tofn Uoo>arnino:i Pui:;:! ,:atic fi No. 63- 
20321;<v snco tho n^ignotic pC'ie;-- 12 ar^- di^po^od 
kioa I', along r^vjltoo ftool di-'Ooifge tlow oath 
nt t'-f^ I'THTTOrs- " n rio/^v^ 09 ^^^^ showr" n Fig 4A. 

'f-.^ J;,, l-.-i.-- f'.-.A' iftO- I'a'l?'-^ ' ^' 

he-' Id ^ r.rd'v b^'Ht-rr^os a i.a ''"r*^ t'oy, , as -l-owfi 10 
Pig 4fv ao'.: t';-^ ineaar^nf in die rrioitt^n ::r)oI flc^'.v 
af irvo^t:d -^Moinai!/ l.: ir^au:K^ doup into tho 
rr-.-jlt.a^ stool, -so that t'li-; r-tfrrct of rodijOtr^g tho 
ir^olus-ins ran not be suffiziently e -pected 

Tf^o ok^:t[Ofr aqneti: brake dr-viee ha.i; a cor> 
soioratilo A-Myfi:. afvi in dio typo of v o{"!£truoti jfi 
fiYO'i'v •^^:-ir[-r: io tf -"^ casiir-g moid, f'lss 1e;viOf^: 



Mr)ra:-"*s 'ogerhs-r with ti^e -'astiiKj r^n\a Oiirr-g 'h^'^ 
operaT--:)n. and 'horotc-ro it 15 nneo'ssafy to fiurijy fs ^ 
toe d'-d::c^ tto oastiroj 'Tio'd A^ s ros I't, pcdiou- 
Pidy .vro-i acondrg ttvj 'io.::'; tj a- a!r->ady- 
install - - .1 orjnafioo-at; oastmg aop.iratir:;. thr r-^ ao^. 
ra-'ido • ;cn:- d-";rably odon^iva 'nonitioa*! :ns d diO 
ogii pf tot. -ijcfi a£ ao ■n^;^;as-:;d .jutOf fizo duo tij 
a a(;i : (o ai ^a ijOtiua a ih. Oist.ng nv-i(1, O''. lo- 
or-;as--"i •^i-.^.-r oat) iedy di.o t- > an lr^ r" » J loa^l 

Ji-- Of« th" rr-c-o vicratirg do ace afid an incr^iasod 
st?:ingn -jf a drive system ne::c33»ta: ed t.y -t 
Thoref 're n^ -cdt ooM li -f-qEarov:; fcr tno rnodifioa 
ta ns .lod tt.^-fe■ afo t nooi.ntero-d iTiijny -ii^awtjack^ 
soeli a-:; an n .stallati-')r" o.fficulty 

K: Ja(-an.:S-: P.:i\v,\-\ Put>'i! ation No 49-30613 dir- 

cle-scL-. a toef-niciU'.i \r- wlin. h 'iiagrietic: poles of ar'. 
el'iMitr-jrrsa'^ntrt ar-:; dropG;-ecJ cutsida a casting 
'^1-: 'd, arv:^ v.' o:t:ra;r ..a\: v^o^a-l on liium cirio ino 
magn-atio i:-oi^'-s aro concocted togota^ijr by voltes t-:- 

20 prov'id'. an Integral (a:-nb truotion. Lir'o^ of rnagneti-i 
force pass through molten sto^el poured mto the 
casting rnold However, in tfio technique disclosed 
<n the ahc-vo JapEint-^e Pai(:-nt P'ub'ie..itr<:'r Nc^ 4!^- 
30613 the -/^icith ot the- magnetic poio .-s small 
rtJialiv-.' lu ttiO A-idlTi <.4 if it; oa^:tir-g nuild and as a 
re-^ult a su^fi-: it-nt rna jr^otic fju- donrity i-e not pro- 
duced at thn W!dthwi.:e onds ■ -f die ca^j'-ng rnolel 
ar«d m' iL^icins aro irv;vitaNy involvr-o int-analy ^o 
mtrud-.-i 'Own ward ^ d t^^at to.;; eff';-:t ca rt^dcoaig 

«j th-: (n-dusivTV: e.nri 1 ...-t bu bni'!.;ior itl -ip- Ir'd 

For e>ar!iplo. Jaoano-;t^ Patent U'-nvar^nred 
Puolic.tion N ). 1-2^"i:.)3l p'0DC-s<)3. as a method of 
pr.jdu: eg a O'^ip^^-it^^ :to- ' nateaai oy ooniifMioLiS 
casting ccanrfTf.aV .1 tefdv i.:]Li-:" in wP (:P. .in f-loc- 

.^5 trr.-ria pJ»;t:o l rake (.!o\ie*- i rneo-ito 1 -a' te ri a con- 
taT.jou:" oa^sting rr(>lti Ir" 'nis te-::r'';dq-.:o. tw3 m 'ner- 
sion i^- di-fi;r :r'* eogths ea d. ^if vl an 

oi'.-ct: ar^ag''- I is or .:-vidoc Po'^e^) ' n-- : It-an ^to-e- 
lojocti n {:-.vorv^ •■f V'^f)^n i">r7^ ~^' • r o ' ' '"'S ar^d 

■ij a do^i:: Itidtiy.. r oo=np'Sia. -.-^i^it. pioe*; f wfacn :Po 
bc'undar/ between d-.o soda:-; lEJyer p-)tC5n aria 
*h-; in'"=0'' ".ly r f.^or- ^ri a; >:eidc a'eeif I'v niar;r)Ct-:. 
r^-. an - is ot-p:ir od 

|-^. /vo'.'^r r- sr! '-' fr r-aist-'i jet r -i r d o elot^- 

-fi *C'na--joe:-t c }rake -d-.!v':o f r^r sech \ conta nous 
casting rp-'^ d has r-.^'.'i)r be- r dis-:di.);-od or reported 
Mc fa* 

uaoaiV:-^;^; Patf ;r ura^^ .lOir-f-vl Pi.:L:!(v:a:ior . Nj. 
1-1-97^1 ^ do-~. riof-.? th, it in tl-p toerinivqne d.se.eised 
e^ -i^^-. .h-,...,^-. 1 jt- - '..-.0. c- jt.- II, ..-..-.v» D. . 

icfi N-a 63-2d325h fae oia.onetic tl.;.v 'leT eity nec- 
es:jar\ f.a dc-eo-oi ati- • g tiit.- ou lt.>n jt-isol Mow from 
■a-; anrn-rsio 1 nojJUf to re iuco tnti incUJ^c-n? con- 
tairiod n thr; oTO-tei^ ^'e^ i 2500 tr- 3500 'iai;^s 
.S5 H-'.-.vever. with respc-ot t(j this tecnnie]ue when 

a iajfrif:-c.'Site ateo r-u-i^oaai s to be •^rO'Juced us nq 
two i.n.Tiorsion nozjie.-. it nocos^ary to separate 
t-io r^Kdton stnoi fcr a .^udaoo ayor. inje;( tod frorT-. 
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the nozzle at the upper portion of the casting nnolfi 
from the molten steei for an inner layer mjecten 
from the lower nozzle. Therefore, there is needed 
the magnetic fiu«: density which is uniform over th-- 
entire width cl the cas: ptere and has a valuo 
about twice latger than the above-mentioned value. 
As a tesult. the outer shape .:f the -..•lectromagnct 
becomes larger than xUa[ of th.^- castmg mold, an.J 
an available installation soaco is limited by tho 
provision of peripheral devices, such as a tundish- 
car and a mold vibrating dovi-,-:-. which results =n a 
problem that the installation becomes impossib!-. 
Further, generally, m the ptoduction of a composite 
steel material, metal used for a surface layer has 
higfier quality and more e/cellert oroperties, such 
as corrosion resistance and wear resistance, than 
metal for an inner layer, From the viewpoint of the 
production cost, it is itTipcrtant to obtain tne opti- 
mum thickness of the surface layer metal. Further, 
in the casting of the double-layer cast piece, i1 tf-e 
immersion nozzle for the inno; layer metal is too 
long, it becomes clogged duimg the use and also 
due to troubles such as one that it is liable to be 
broken, a durability problem s encountered. For 
tliese reasons, it is n^osl pr^^ferred that the elec- 
tromagnetic brake device sncold be mounted with n 
the casting mold Howev(^^r, 'U this case, for tne 
above-mentioned reasons, there is encc-untered a 
problem that in practical use «t is impossible to 
install it 

SUMMARY OF THE INVENTION 

in order to solve the pioblerns of the abc ve 
^.nor art. the present inveniiofi is contftruoled as 
follows: 

Magnetic polos of an elc :»ror7ia'jnot. each hav- 
ing a width g-Dnerally equal to a width of a long 
Slide of a casting moid are disposed in opposed 
rotation to each other so ai- to e:*ert a magnetic 
field uniformly over the entire width of the c:asting 
mold to uniformly brake a flov/ of m'.)lton stool, alter 
passing past the magnetic fk-i-ii By domg so. inclu- 
sions, contained in the molt-n st^^ei, are pnovenied 
from: intruding into the lowvr portion, and also a 
surging on the surface of the nclten stoel is el>rri- 
natod. 

A long-side water box ot the CdSting mold of a 
rectangular c ross- section has an opening into 
whi.~h the m-^rinfttlr hoIr of the rIf-." tmrnagner O'^'^- 
orally equal in width to thff Ic-nq side can be in- 
serted Therefore, the magnotic flu- density car be 
OKerted uniformly over the -mtire width of the cast- 
ing mC'Id. 

Since the elcctromagn^: * is divided into tour 
sections, that is, lonq-s;ido yokes and short-r.ide 
yckos. the connection of tho olec tromagoet to tho 
casting rTiold. as well as tho disa.serTibly , can bo 



offer ted easily. Further, spacers are provided at 
the dividing portions, and the gap between the 
yoko5 (i.e. between the iron cores) is minimized, 
thoreby preventing the lowering of the ability c^f the 
5 electromagnet. 

The freight of the magnetic poie of the elec- 
tromagnet, is higher at its end potions of tfio long 
sido than at its central portion of the long Sidt;. 
With this arrangement, tho magnetic field is en- 
10 hanced a: the end portions of the long side, there- 
by componsating for a reduction of the magnetic 
field at tho end portions of the long side relative to 
thi3 magnetic field at the central portion of the long 
side Therefore, tho uniform magnetic field can be 
7b produced over the entire width of the molten steet 
in the casting mold, so that the molten steel flow, 
after passing past the magnetic fluK. can be uni- 
formly braked, and also the intrusion of the moiten 
steol flow into the lower portion after impingement 
20 on the short-side wall scan be avoided When part 
of a long-side backup plate is made of a magnetic 
material, there can be achieved a uniform magnetic 
filed, in case where the attenuation ot the magnetic 
flu' at the opposite end portions of the magnetic 
25 poK:J is within 10%. As a result, tre molten steei 
flow, after passing past the magnetic field, can be 
uniformly braked, and also the intrusion of the 
moiten steel flow into the lower portion after im- 
pingomsrt on the short-side walls can bo av-idod. 
30 Tfie electromagnets generally equal in width to 

th'--^ long side of the casting meld are cisocsed in 
opposed relation to each other, and are dijposDd 
tot/veen molten steel injection porti- ot t//o :mmer- 
S'-n no.^7les so as to apoly a magnetic fiold uni- 
35 fofinly ovor the c ntire width of the oa;^ting mC'ld. Ir^ 
thii condition when a double-lay^^f cast pieco ts 
pt.>duccd tho boundary between a v;urfa'.-) layer 
motal and an inner layer metal is rr-ado cloar, and 
th^^ siirtaoe layer metal can be formed mto an 
-iO optimum :hickness. 

WhrMi the two immersion nozzles are provided, 
th-: upper portions of tho long-sido copper platos 
c nstituting the casting mold are cooled bv upper 
Qr.-ioves. and aro supported by wa^or Irio^os and 
45 th.;: lower portions thereof are cc:oled by deep 
h-.ies and are supported by the electromagr^ot. and 
tho distance between the opposed magnetic poles 
IS. rTuniriized.. 

In order to hold the short sides of the ca.=;ting 
,->-., .i<H t^-'-twoen the opposed loro .,'^i'^'-"-'' t'^-^ ---^* ^ 
c.amp lievice including tie rods and di:k sf nngs is 
pr ovided at the upper water bo> support portion, 
a '.0 wim respect to the lower eloctromagne' rr^ag- 
n ■tic ^)n\f) suppcKt portion, when offocl:nq the as- 
55 s-?mblirg using the above clamp dov!r:o a gap is 
prov/ided between the lonq-side yoke and ^u- sricrt- 
Sido yoke so as to obtain the short- r:id» hol'.img 
force. 
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H'Mtf- DESi;R!P [ ( iPJ (:'F THE DRAWINGS 

f-Kj^ 1 to 4F^ ;if-' v'=vws S'^cwwi^ tno prior art: 
}~\:]. ! I..- :i pa:' vio.v -if a v^atrt-r^g rru<;.i w:th ar- 
ol-'v." If cv^-i.jpr;tr ■ rr;.VKf> ievire. 5 r o.vir-q a crr'S'- - 
s?- ifi t Hkr;!'! alrsfvj trio in-? 1-1 c* Fh_j 2': t^i:; 2 \> a 
j: '01- :e :lo''a\ w-i-ti ;ak':fT alDny the liri ^ ii-ll Jt Tl^. 
1, fi ^ \s :j a : ..'o ?s-:^OLt.nnai vhrw lakef) aiuiig 
iir - 'il-l'! of Fiq Firj 4A is a porsoect vo vir--.v 
sF-'Ai'ig the uor c^Eip: cf a ccinvermonal o tictrorna:-)- 
(»r *: - t.rak-.? dO'.M-: :;: ^-i j 4B )S af^ il'a^.'ratiOM > - 
pki- ati-rv :)f the -iistnt)'..* or. of a cli3<:;hargr3 flow rate 
of rn ;'te'i sfeel u- F. :j. 4A; Fig 5 is a schematic 
vi -v/ shewing the r(=la.*if)n b^twe-ef' a casting m-jl-.l 
a^-'l t-jt f If ctrrjiT-ctijfii : in ,i f.rst ^:TiibLH iirnent of tti r; 
Oiosi: fit in vei 'tu: r'.. F; j. 6 is a vortical oross-Sf. l - 
tiot view takofi alorsg fin VI-VI of Fig 5; Fig. 7 is 
a p'an vt^:w of an - t^ctioinagretic brake device 
': ::".'^-n-; tc tho *;r3t v-Lnjuin'THU o' tno pr^^sont 
ifivt; f 'tt-.m Fig S lb- d ur - SS-seotional view tak'r^n 
al'^rg th-.' I in.- VI II- VI II o* Fig. 7; Fig. 9 is a cross- 
3e.:*i)-."nai view takon alo-vg the I'ne IX-iX of Fig. 8: 
Fig. M) --s a cr 'Ss-Br ctL-^fial v:e/v taken along the 
iif-.o y.-K Fig 8; Fig 1 1 ts a cross-s»:-ctional view 
lak.-fi ^ik ng :ho .\\- <\ of Fi'.j 17: Fig. 12 ib a 

or; isi --^G-. ^io'ial view take['. along Iht;- Ime XII-XII oi 
Fig. F-g \} i a dc-taiiod croJi 3-3ectiona! view of 
a tjvin.j gevi-. e tor rh»? 'la-Ftmg rnc.ld anc the elec- 
■rf: inaji'^'t: F-gs 1 4A an:-! 14B a-o a pian view an.il 
■1 V -u;jvat:Li' al vi-w a ocrtiOfi i) y.-f Fuj. . 
re.-.f:-. r tiv :ly, sh-.jwirvg tluj .;j(f ta'le of an e ectromarj- 
nct ii'j;jp-:rt ilov co: Fi;}:3 1 5A ar^.ri 1 5B arc a Gidc- 
-■^l-.wUi M'l ii VI' ;w ano •:: pat", view ot tt^o portiori b - -i 
Fi'i ^-i. ft '^pt ;■ tiv r Iv. rnriwmc; arr- :h ifitin:.'j portic-n • -n 
'[).' pa-t . f tt n ;!o: t .OM-jMet, FMjb. 1 6A atiJ 1()B 
^r-.: njs.p-'-ct: .■ a ve-/; c-f a general construction -.-f 
*f>- li ct-'i: FT-agr c* ;:'t t^^ firit «: 'Tibod'ir.crt of tno 
fv. ftivi a;- 1 i.r. iI'L. .:t:at!on sh'/wii-g -ts macjno* - 

■ ii:^ .>!fi-; 'v iK-tr it -)n i'lgs H^C anrj 1 6f^ aro 

■ C :k y .1 V.uv; ut ci j-Oi'fMal ll Stf JL t lOn if tf='=! 

ol- :t-c m .igfV: ;. i. f tre pr-ci art. ar^d an i:! jsti ati :-n 
3r'-:>.vr '.g its inagfir ti;^ flir< ticnsitv distrnitiition; Fic;... 
1 t.' I J V ■ .V::: s\\jvAr- ^ a ca::t'rg f-pfi d ano a'^ 
-^1' ■ "tn fTv 1 :n. tic h a<f ooMre- a- i :oroir^g to a ser - 
ond einf ■ :vilrn^:;r t ef tin; [O^-^serv inven*icn; Fi;j. 17 
iS a p'ar- vii-w: F^'.^ 18 is a partly crL-ss-sectior ai 
vii'W tak»fn a on<j the 'ifo vVlil-XVIil or Fig. 17. Fig. 
19 l^: -i -rfo ■• ^-50ctnM a. ^vi'V.v 'a-.-JM akwig tht lirio 
<\<-X\< of f :g 17. Fg '?0 •< a persooot ve view 

■;r ♦-.»-.n^ <..n,-.'A, in."i 'r,-^ r;=.«:;*ir->n fnoiti apci 

oK ctrcn ignt *■ 3:cof'd:ng *o *he f rst embodirre-nt of 
prt;Sc*nt (I. vr-fii on: Fi'p 21 is 3 ocrrspCM. tive view 
ohowr g an M>'f- ;::i'>rt.; (.'f an (:;;ec. trornagnet a:^":r"irJ- 
ifvj \n a tlurd f^mhociiTiont pres-int .nventiOfO 

Fig. 212 IS a jraoh sfiowing the rriagnetic flux den- 
sity d 5tributi j-is of th'? f rst and *hird embcdimerts 
_d tfie ort-iser*. ifi.'ont .m. Fg. is a plan view 
schoma'.icaMv sh'.v.vin:"^ a r. istirg moll and an eloc- 



t'orr^ag-iot a^: ::c f d;ng *■■) a fourth eoibodifnr^r'* c-f -.nc^ 
pr esent inv^T-tion Fig .^4 i^r a crors-s ectH .rial view 
taker a'ofvr; *he Ime « IV- -^JV of F-g. Fig. ?5 
a plar" ■. :ew s fTvU-i *o f=ig. 7. {:;ut sh;tA ng t.-ie 
f'urth crr!t:o-(^irn'""nt: f--; 20 i:- a vew Eh'twng tno 
.1-ta» F M .: port-or^ [': ef -■■g. 25: Fig. 27 :s a view 
i!;-niiai t'.' f'l^p 9, but :-howir! 3 the fourtr^ ^■;n)oe-:i.- 
:^ f.^fit f-ig 28 I- -ifi'.^.v r g a gerii^r :il .:unst{'.i .- 

t cf the eleotr )rr!a-;r.tt :■■ *t":? fo.jrth orTibadirrent. 

e; F,g 29 is a graf-n sh(»A'ing a compar son between 
'•• agroo ' fiov ce"!.;:t/ Mt f -he flr^t a iC feert'i 
o-nbcd rr.oi*.*i;: Fi 'j 30A is a p.irt|y-l)rokoM. persttio.- 
* ve view shcwiiTg ,^.n ...ver.tiii ■: onslruction jf a io:n- 
tifhjojt ■: asting m-ild ci:c<vdrig to a fiftn emofi-ii- 
;T:ent \ 'tie i^-rf^^ent if i .en': o ' 30B i. a ^i:h':- 

t^iatic vu-w ir.oA/W' ) ttv- re'ati ■)r t)etw- en the ■: af T- 
I'^g mido and tn"-- el*- ;tr-: rnagnet in the prcv5-3;nt 
invention fig 31 ;S a cr-t.^ss- sectional vu^w t,'HU.:.o 
along the ine \ yX'- v <| of Ftg 30A Fig 32 is a 

.'ij ;fc:ss-iO< ti'?nal vmL'/v tu:ken Lilc'ig the imo XXXII- 
.<.\XII (.f Fig. 30A; Fig 33 is a c" ross-sooti-joal viov/ 
tai^or^ along the itno XXXIlt-XXXIII of Fig 30A, Ftg. 
34 is u : ross-se::ionai view takttn ai-ing the l.ne 
<xXIV-><<XlV of F.g 30A Fig. 35 is a (tross-se<:- 

-o ' (Ilia vi^j'A^ ta^en c:!:.:irh.j ifi-.- lifS'? \\XV-X>. aV ot F-ij. 
3i)A; Fg 36 s a : re : o-se. tivnal view taken a' (tog 
the line >XXVFXXaVI • t Ftg. 35 Fig. 37 is a cro:^- 
ioctienal view tak. -n a ong tho Ime XXXVII-X.XXVII 
t^t Fi(-j 35; Fig 38 <i cietcukd view 'jf a p-ortiofi I 
't Fie 35. Fr,i V) .s ci •.Ic'O-j:- • i vi-w cf a oertion J 
■:'t F f ). 3';». F":p 4C) is a cto- s-seetion.it vijw taken 
:;[:'ng t ic .mo :>.L XL tt Fi-j 32; Fig. 41 i: a oror-T- 
ri. ■ .noti.al ..Kiw t,iK. n rig tf^ ■ lir «-- X- l-.-v.J of Fig. 
ig Fio 42 1^ a [ ;iOl-.' cr-r^e -sec ti inal view tak.tn 
J.-My •[) :• ,.[-1 -ai!;-:!.!! i)f Fig 40. Fig 43 i:- a 

"ii!'aii.:d view o^ a pctti-tn M <.! ^'ig 32. Fig. 44 a 
1c:ai :d /ie.v o^ a r c^'ti tn TJ of F p 32 Fig. 45 -s a 

•->,i-t'y-l r. K -• :f - ,[.:\'-. \:::\ '\ i g cill *.!.'«:' ai 

■ '■■ts*f'v n{ -.- f - f .', ■ trMcMp.e- e ^-tir-g n.:^!o a(-':""^r(i- 
[i- .1 :.cie ■J- i.t ut C'i -I';' pies-iO invt-niijci, 

F e 46 c- a ■::r::e;--se' tio ial vow tak- n c:!cpg *ha 
:^cc: <PVb«.LVl F 15: Fig 47 .s a or 

n..i! \ oa t;.";- m .;i...t () ire^ lino .--LVii-XLVli of 
F-.c 45 Fig 4{^^ .i. -aiiod > w cf a p.)'tion P --f 
F 46 Fig 49 :< a d* ta- od \.cw e' a podion O of 
F.g. 4b. Ficp 50 o a cross-sectional view takt^-n 
.-J.^f^.c the tne i -L of f g 45: Fig. 51 a deta- ^^-d 
e ;A' :.}] a por'ic n F jt Fig. 5 ': F g. "52 ;i a :rce.s- 
e;e}irr^.al .'lO'// t.-.k^-n al. og tne line I Il-l II ef F'g 51. 
. ' r;,- 'c; o ~. <~..^^-.. t.o'ir^i ^i^. ti .. 

line Lll-Lll! of F.j. 5t;; and Fiq 54 is a --^ross- 
-OiCticnal v!0>.% ta'-t.-n aleng th ) lir>- I )V-L1V c! F-g 
51 

DESC:F'^fF^TlON OF THE INVCrjriON 

A ^:fTTO .-diniont oi a cofitifiueus cast.ncj 

'■•v io cf fic prcSh'M !:"vec*:ce a'i!! now be dc^e ittni 
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with reference to Figs. 5 to 15B. 

In Figs. 5 and G. magnetic poles 112 of an 
electromagnet 111. which have a width generally 
equal to a width of a tony-side copper plate 103 of 
a casting mold 101 constituted by the long-side 
copper plates 103 and short-side copperplates 105, 
are disposed in opposed relation to each other, and 
are disposed at the outer sides of the long-side 
copper plates 103. respectively, so that magnetic 
force lines 140 for electromagnetic braking ate 
everted t.etween the magnetic poles 112. 

The electromagnet 111 has the magnetic polos 
112 and coils 128 wound respectively on the outer 
peripheries of these magnetic poles, and the cast- 
ing mold 101 is surrounrJed by an iron coie 139 
including the magnetic poles 112. 

When DC current flows through the coils 128, 
the 9lec/.!omagnet 11 tpioduces the magnetic force 
lines 140 flowing from the north pole to the south 
pole Fig. 6 shows the case where the magnetic 
poles 112 are provided at a level below a molten 
steel injection port 129a of an immersion noz::le 
129. In this case, a discnatge flew of molten steel 
injected from the immersion nozzle 129 is braked 
at the position of the magnetic poles 112 and is 
formed into a uniform flow 

Ne-t, details of ^.he present device will be de- 
scnbed with reference to Figs. 7 to 16D. In Fig. 9, 
the casting mold 101 composes a rear long-side 
water L'Ox 102a, a ba( kup plate 136 of s«ain!o5S 
steel fixed thereto, a similar front long-side water 
bo> 102b, a similar backup plate 136 of stainless 
5t€iei the long-Side copper plates I03a. 103b, 
short-side backup plates 104a, 104b, the short-side 
:r.ppet plates 105a. 105b fixed thereto, respec- 
tively, a width adjustment device 106 for adjusting 
the Dcsitions of the short-side copper plates 105a, 
105b s-> as to determine a width of a cast piece, a 
clamp device 107 (see F.y. 10) for firmly clamping 
th- shcrt-sido copper plates 105a. I05b between 
Wm- Ic.ng-side copporpiatifs t03a, 103b during the 
casting 

Referring to Figs. / and 8, mold fixing push 
rievices 109a, 109h for f-ing the c^stinQ mold 101 
when mounting this mold, a- well as a mold fixing 
device 110, are mounted on mold vibration tables 
108a. 108b. 

As shown in Fig, 7 tne t^lectromagnet 111 is of 
a projected construrtn )n so that the magnetic poles 
nP?» 11 r-^n hf> ir^sftrtp'^ rc^cn-^rtlvely ipto ro^r 

openings of the long-side water boxes 102a and 
102b. Yokes 1133, 113b for forming magnetic 
pciths between the magnetic poles 112a. 112b are 
o.:tended through the long-side water ho>cs 102a. 
102b, and are integral.y connected respectively to 
the magnetic poles 112a. 11 2b by spacers 114 and 
boitL 1 15, as shown in Fig 11. 



When the magnetu: poles 112a. 1 12b are to be 
integrally connected to the yokes 11 3a, 11 3b by 
the spacers 114, it is necessary to make an air gap 
at the connection portion as small as possible in 
5 order to minimize the resistance to the passage of 
the magnettr fltx. For this reason, the thickness of 
the spacer 114 can be adjusted by an adjustment 
shim 124, as sh...wn in Fig 11. 

The casting mold i01 and the electromagnet 
w 111 are before hand combined together at a place 
outside the continuous casting apparatus, such as 
a maintenance shop. In order to support the weight 
of the casting mold 101 by the electromagnet 111 
when transporting this integrally-combined assem- 
15 biy to the continuous casting apparatus, jack bolts 
116 serving as mold support members are pro- 
vided on the yokes 113a. 113b, as shown in Fig. 
12. On the other hand, receptive seats 117 for the 
jack bo:ts 116 are provided on the long-side water 
20 boxes 102a. 102b. When the assembly is to be 
mounted on the vibration tables 108a. 108b. the 
casting moid 101 is first placed on the vibration 
tables 108a, 108b, and then the contact between 
the jack bolts 116 and the receptive seats 117 is 
25 released, and the electromagnet 1 1 1 is p.dced on 
electromagnet support devices 118, 119 at a posi- 
tion about 10 mm lower so that it may not interfere 
with the casting mold even at the time of vibration 
of tne casting irold during the casting operation. 
30 In tnis case the po^iittoning of tfie casting mold 

101 in the direction of the width of ti e cast piece is 
effected by key grooves 120 forme^d in the vibra- 
tinr tables 108a, 108o and keys 121 (see Fig, 8) 
provided at the water boxes 102a 102b The posi- 
35 tior^ing of 'l^e electromagnet 111 is effected by 
recesses 122formed in the suppc-tt devices 118. 
110 and convex portions 123 formed on the iron 
core 139 ot the eleorromagnet. as shown in Figs. 
14A to 15B 

40 Alter ihe . asting ir.old 101 and the electromag- 

net 1 1 1 &f-c posit on€'d and mountc^d as described 
aoove, the c;:St.ng mold 101 proESod against a 
reference surface block 124 (see Fig. /) by the 
push device<^ 109a 109b and is firmly fi-.ed onto 

45 the vibration tables 108a, 108b by the fixing device 
110. Similarly, the electromagnet 1 1 1 is fi^ed Liy a 
flying device 125 (see Fig. 7)providod on the sup- 
port device 1 i9. 

Fig 16A schematically shows the cast ng rriold 

ini and t^^e ^.Ir^rtrnrnaonP^t 1^ ^--C-rrHlnn to th- 

first embodiment of the present invention, and the 
magnetic flu- density distribution in the direction of 
the width of the casting mold, which is obtainod 
vAith this < onstructirn. is shown m Fig. 16B. Fig 
•^5 IOC schematically shows the casting mold 1 and 
the electromagnet 11 of the prior art. and the 
magnetic flu. density distribution obtained with this 
construction is shown m Fig, 16D. As can be ap- 
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•ion {')■:■ ri-agreti^^ fkix a'M\-^i:v is hgn, af'i."i also thf^ 
r^^agnotiC fli.-' d(Strii:.j*t'7'' uri.trrr^^ th-^ rJirectiOfi 
\hr 'akI*'! of th-? rast;:^; r^.j '.i V\^■i:■ .tv.h ov Mg a:? 

t'^f- c;i<;^ert r iventi.:.f- =.;ru,;i-s thr") > ,vr i j o-fecTs 
M) fht": op :r-in :js arc- f/f >jv!'. j^-^i it"- tfr.; roar S'.ir- 

c! rtrofiat} "e't W'dtJ'f than '\ o Ciiis\ cji^co ran 
iii^er'ei.: ifv -reif Uc. ar^:l thv; vdk-^s aro •-:>;t>)r^dii-(1 

iT>a';f:ei':: i:'?!ci unit'crtn ^yor the e-itire -Aidth 
( I tfi:; oast pie-:::e can Ix; apoiiod. a: d the df:*- 
frjcteJ f!3A jf the r7iO!t^;fi ^itooi in ttio ca5i»n-:) 
rnr ld car^ t.-^ rradt: ufiifjtrn at tfi-? iowc pcrtii-n *■> 

:fi€- casti ig rr-oki tf'o'ooy ifiiLrcving the eff^; .* 
cf re-diJt:iri -J the in;.;lusiGi~s. PartiC'jla?'!-y . the 
ci'a.vrVA'ard ''rruiiior; of thG' ificKJc: ons. v\'iiu\fi is 
C a u S f ri h y t H ^? c : : :i: .i f I G vv m j c j i; ; f ; (J a ! M r 
tri»E3 disotiargo tlcr^ from tt'o irTirneri^tijn fiuzzJe jo 
impinges on th.;:; shorl-sid*:; r/aiis. is DreV'^nto-:! 
tnt-jreby rni:. roving xne quality of the cast piece 
(2.) The ol(-c trc -magnet is divide*;"! into the twi' 
magnetic pele pr'rtioris and :ho two yok^:■ por- 
and tri^jb- : oan ii -? i ■.indjineU t<j'ge'tht'r l-y 
th-E' iii^acori and 'fie bolts Thcirc^foro. hie ixxn- 
b:nat:on of the eioct'"OFT)a(:;net wrfi ipo eastir^g 
meld, as W'.-tl a^ hie dl5as^::ennt}ly car' [-^e don-- 
ea:tlv and als-' the a^::>amhiv f^f the castirv-j 
i'k IcJ ard d-u ct nt-.irirMj hiet^.i;jf can l.-; ler- r 
ea:iiy There^or'"^ tne friaifVenanco time r^rui th ? 
co^t can c>(. s^u'ed an*.! tnc^ro i3 "equucxl a lo::jS 
^t":'ace tcr : -r ovi sioi ally ^t^•llng ttn? e uC'i'.jrnag- 
net. af.d ttif- han-ibng ,-an ^ -t^ fac litateh 
1,3) Si'-i.i. tic Lr.b-i- g !i 'eli.l ctfid ha.; t.: uji- Miiag- 
r-rt can be fjrine-.1 in*u ti<:- eanibined e irstruc- 
t'tr-r, tho:'n i '^o (•onra'^ d ng c;.. 'tiet;. as'vl Vi ; 
aa^tirc] n^c is liNv^'iy r<Jl'[^.clzc "Aitli ai"d ser - 
:ti:^d, i,^ ■]*. iii^.K r'n:'s rivulf.^d ^n t-v^ -.'ic-r- 
^eHna,;) itl. ^-ui -j't ".n. tna'vjfirit i-: ii.d-pc-r- 

ct^-ntly Slip; cirted v^'th"■ *r e -^orTtaiuai ;i; -^^istnv:) 
apparatj: W th thi;: cv'Tf -j • j.:*!Ofe :ii-j fi- \o \:o L'f 
t'"e had o': *ha 'Tn.d 1 vi;:)faiifu; d.-viof- can ne 
avoic< d. ard t!a>r > r. ■ nrcd at al t a ra rease 
t^^t- rriOtO'- •.'aoacit/ ar>.1 to in:if"!a^o th^? ■it engtn 
or the- drive system, an i the :cs\ for the -ieuip- 
mf>nt mcdificatien-j can hr tiavca, and tlu-; time 
reciiirtvd 'er ttie u staNatt}'^ aan ['■■t shertenr'd. 
Figs 17 t. ' 19 sho A a ^fu^ene i^Td^oil rnent r-f 

differs f-am tf^e f!:st omhedimert in that a aa-5t!n.:j 
meld 101A and an ^^i^ -etr .:'magr^et HIA ?'j :■ ^-acSy 
fTvaijireo on a a."'nari •■; na;:a :■ aa:H. fra"it' 141 A 

Fig. .-'1 sliovvs arT < vtenemagf^ei 111R aa^orn- 
ing to a thir.i embodimfr~t tne pre.sent tnvcnticn. 
and Fiq. 20 s -hefnahaa^' / s'a:'Ai {be cast-aq m.ald 
101 and :he rt^lethon a jrv.^f ill ac.:or'iifTg to the 
first omoadiment cjf t'' er-'-a;re n ■■.'O'Mi* .^n chev.n ii^ 
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In ?~ig. ^.'0. tfie magnetic poes ' i jf thv; - 
t'omagnct IM. '^hicfi aro great^:'f in /aath tha-- 'hi; 
ia'-?g-^;ee e.:.i:per o'ato 103 of the cast n,; -t- -id lOi 
: • ns'tated ; v :he l^ng--i.1e c'^ppe: p^.ii--;-: h'3 and 
st.^:.rt-ede c- p[- er fdate:^ 105. ar^ di;aa.sr-.1 la Of.- 
pL>5-e I ".:;lati- -'I to each )trier. an^.l ar^.- ..li.-^peaed at 
ta;: a-jti r s>:vS tfie ic'hg-side copcx/r fj-ates 1 .)3. 
r:a" e;-: : r.-v.' ly :?o that nnagnrj-tic fc-raa ;ir:s^s 1 d("i h)r 
^!-e:t' omag' 'ctic t rak.ng arr* e^:efh;d t'etw-r-n :he 
^aa^fea.^ p:.ie;;i 112. Tne eiec:n.aTiagne[ ill haa 
ta-E r:agnea- polos 112 ar'd tl'O coih? 128 -vccnd 
rorpec^vCly on tfiese magnetic poles Wlien Di.' 
cm rent tlows through the ceils 128, the olectromag- 
la-T 111 p'i'ducei the ma(jn()t!(.: f nae lines 140 
•'.-.i-'vir-g tram :he nv:«rtfi pele to ihf. soetn pole 

The distf butic-n of the magnetic field pro=:Juced 
in (nt- fnait^/h ste.?! depends on th^' gap t:'Ot'.voc:. 
to-: cppoTGd fTiaqnetic (i-o'es ard the sihaoe of tfi-:' 
magr^etic p-.-es. In the firat embodaner.t o- ih<: 
present nvent«on the rectangular electromagnet 
fiaving a wid:h generally equal to the wicth cf ths:- 
lorA) Side cit the casting molcJ of a rt.x:tangijlar 
rr-: ss-s^:'(:tion is pr.:vided at this long 5ide> ani.j th.:' 
rMr-'.jr"-tii. field at each er:d o' t^'e long sn.a? ..J d 
casting mold is weaker tha* -r: magnetic neld at 
tac C'^ntral ptrtion o\ the Ion ;j sicie, afid the un-forrri 
raa''jr^:a-: tiehl oa^ ^a:t to prodacad Ov^er th^: anti; a 
v/idth ra th..r m.jlten stf^t-d in ttie aa^t:ar; ra'^ld 
rjcna-lv ihr- aici -ji .L.diL (i^d j ca- ' ce* n;, r! <-;fa d 
U'"i-lo*ndy ovar the entire '/adth o- tt)o aast [^=g niold. 
r.r.ii ^'-i- :.jnir(5rmir/ of the molttvi stce' fic. .v after 
parting i^a::! v^e tTiagrv")ac t>.aj is tmparad. and 
ta-- in::i.'!aor^- car', not b* > :emcv-.-e SLifa./ieiU / 

li! hi.j. 21. [\ r-j thi'd efTib(.)diMu.-!it dift;:a:^ fnjri 
t !.? rued embi^'-iiment in tnat a r^-agnetic pe'e 1121!; 
lais a .t .Vvcr- l!«:agl-t porti'^^n c at a central oe-tion ( f 
t i - \< ' ] -.'.^ "'^•^■::d aa a a gli.:i-hi 'ighi p-.-ivon i1 
a: ^ .find d th:; long m l": 

F-g. 22 an 'iiustraaan sh.OA ng a ;.: ^ rn:;an so-'i 
*■::■•/,•, ( the- magneti: 'In- d^raitv Ji^ tr=OL.t!on 
C'adL:..:a r»"' ^oect--.cly i: ,' the ale dr^-naign^ a- -^j :f"i-": 
tf'tt or';'i thi'd ernbedMTa.:;ats :a a-i-^ Ofn^ffi* invc- 
trn in -f-e n-^.dh^f- strvl As i -i i or afaa aaaaal 
f v ;ai tn.f illiis*i at;c-n. in too cas- .: . 'f tne 'h.fd t;m- 
ba.iirT'ent the magnetic Mux :'jeraS!tv d str hi-atun is 
e-'oera !•/ LirMierrr m tf^e diroctn^n -^^ the Aidth 
ta<: ca^ang rried 11 IB. tnus acniev ni; an effective 
rpera-ir.n 

achieve: th^- ^allc-^ang ff'ect. Tha elc-ctrorTiagnotie 
hirake is constfucted by ibri -^i.-ar -magnet fiav ng 
t-a; n agretu: p d.:a aii ::-:e Aieif is >.a^^cia^r a^aa :ne 
A'ldth o* th»- casting m ad. arai 'ne n-n-jnt of 'he 
--'^ end c-f th.e long side of the magneti'^ pole :s higher 
taafi th..- t^eigh: of the centra! p.!dcn '-d the 'ta^q 
i:ide. T[}tacf.}re. the L)nif.em iTiagr^-a.' tioia ran he 
aoo!i^■d ever the entire /adth ;.f pM-.t^ and 
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the uniformity of the deflected flow of the molten 
steel in the casting mold is achieved at the lower 
portion of the casting mold, thereby improving the 
effect of reducing the inclusions. 

Figs 23 to 28 show a continuous casting mold 
according to a fourth embodiment of the present 
invention. In these Figures, those parts common to 
the first embodiment shown in Figs. 5 to \5B are 
designated by identical reference numerals, re- 
spectively. The fourth embodiment of the present 
invention differs from the first embodiment in that 
part of each backup plate 136C is made of a 
magnetic material 

In Figs 23 and 24. magnetic poles 1 12 of an 
electromagnet til, which have a width gsnerally 
ecual to a width of a long-side copper plato i03 of 
a casting mold 101 constituted by the long-side 
copper plates 103 and short-side copper plates 
105 are disposed in opposed relation to each 
other and are disposed at the outer sides of the 
long-s.de copper plates 103, respectively, so that 
magnetic force lines UO for e ectromagnetic brak- 
ing are exerted between the magnetic poles 112. 

The electromagnet 111 has the magnetic poles 
112 and coils 128 wound respectively on these 
magnetic poles, and the casting mod 101 is sur- 
rounded by an iron core 139 including the mag- 
netic poles 112. .,,03 
When DC current flows through the coi.s 1^6. 
ti,e electromagnet tllproduces the magnetic force 
lines 140 flowing Iroin the north pole to the south 
polo. 

The long-side copper piates 103 are tirm.y 
supported respectively by the- backup plates 1360 
.,f a non-magnetic material (austenite-lype stainless 
steel), and those portions of the backup elate 13GC 
facing tho ends of tho magnetic poio 1 1^ aie made 
of a hard material such as soft steel an iion- 
robalt alloy- Fig. 24 is a view m which the magnetic 
poles 112 are d sposed at a level below a molten 
steel injection port 129a of an immersion nozzle 
129, and in this case the dii charge flow ol molten 
steel injected from the immeision nor.ile 129 is 
braked at the position nf the magnetic poles 1 1? to 
be formed into a uniform flow. 

As shown in Figs, 25 to 27, that portion of the 
stainless steel backup pate 136C which faces the 
magnetic pole 112 and is disposed 100 mm out- 
ward from each end of the magnetic pole 112 and 

9r,n ,T>m lnw;:.rrl th«rpfrn.-n to.~=,.-.< thp r«n.F.r ot tW» 



magnetic pole at a height genet.3llv equal to the 
height of the magnetic pclo 1 1 2 is made of a 
magnetic material 142. 

Fig ?9 shows a comparison hotwf en tho first 
embodiment and the fou.th embodiment in whicti 
the magnetic poles having width of 1600 mm and 
a height of 200 mm are us^.d with tho casting mold 
having a casting width of 1600 mm and a casting 



thirknFss 260 mm. As shown in Fig. 29, the mag- 
netic flu> distribution in the direction ot the long 
side of the casting mold which was attenuated 32''/o 
at the opposite ends thereof could be reduced to 
s an attenuation of 7%. 

Figs 30A to 44 show a casting mold and an 
elect.oinagnetic brake according to a fifth en^bodi- 
meiil of the present invention. 

In those Figures, two immersion nozzles ?i5a 
10 215b are inserted into a casting mold 201. ana 
me-al for a surface layer and metal for ar inner 
layer are injected from the immersion nozzles 21 5d 
and 215b respectively. As shown in Fig. 31, an 
ele.-tiomagnet 207 is disposed at the lower portion 
,5 of the casting mold 201. and is disposed between 
iniection ports 253a. 253b of the Immersion norzles 
215a 215b The electromagnet surrounds the outer 
side of the casting mold 201 constituted by long- 
side copper plates 203 and short-side copper 
20 plates 205, 252 denotes molten steel, and 216 
denotes a double-layer cast piece. 

The casting mold 201 comprises the long-side 
cocper plates 203 which are supported at upper 
poitions thereof by water boxes 202a, 202b and 
,5 are supported at lowe. portions thereof oy mag- 
netic polos 209 of the electromagne: 207 sncrt- 
s,"lo support plates 224a. 224b (see Fig 31) moun- 
ted on the water box 202b, short-side backup 
plate< 204 positi.^ned and supported by jacK bolts 
',u ?45 mounted on the shorl-side support plates, the 
shon-sida copper plates 205suppoited I:/ the 
s-!0.1-sidc backup plates, disk springs 206 (see Fig 
■S^, lor firmly holding the short-side copper p ates 
2ri^, hPtween the long-side copperplates 203 during 
the ,; ..sling, a clamp device 225 composed of He 
rod.- ^21 and nuts 222. and a mold base frame 214 
-up per ling all of these parts. 

As -hown in Figs 33 and 37, the upper pc- 
to,.- of the long-side copperplates 203 .-^r-c f.vedly 
0 c ,^.,..... t^c by the water bo>;es 202a a-id 202t. a.id 
a number of copper plate-mcunting bolts ?3. ex- 
tcr.ling thrcugh those water boxes to 'tie Ic-n.^sidc 
c-irrier plates 3, Further, as shown in Fig. 32 the 
l,-,w.--. rortions of these copper plate.' f.xediy 
p,- rir:d on the magnetic poles 209 by a number 
,-,| '-.olts 217 <see Fig. 32) extending through the 
magnetic poles 209 of tho electromagnet 207 to 
the ,,.>pper plates 203. Further, the lower erd por- 
ti-,,-.. wnich can not be supported by "he rrungnetrr 

,--! . 9nc> ,rf=. «:nr>.-.ort.=.i bv "-ol-l". -'--♦•== 

nK,untGd on the maqnelic poles 209. As shown in 
FiLi- 43 and 44, in order to prevent the magnetic 



fij." -Icnsily of the electromagnet 207 tfCMTi b 



:Oing 

,,w-.-rt "a " non-magnetic material (gener.^ily 
au-ten,te-tyoe stainless steel) is used as the holder 
piare 246 and the holder plate is f^edlv secured tc 
th.. fr-nt projectod portion of the magnetic poio 209 
hy bolts 247, and supports the lower end ot the 
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iong-^icls^ cu():^f f Plato c^Ol hv -i nurytMir ot bo ts 
248 ir" a rr^ilar Tian'^er 

Re'e-rin") to Fi.%-s an-i '3f'. t:>i crolmg tfio 
)ng-<\'i'j ::<..Lur-; :.lat- 2j3, a nur.tnr of v%at^:-'r 

• iricj -eve .^.51 li v doo in \hi- Lpf"-^' poMiO'i 

■ t'li^ .:^^ippef f la* >. afi.i c(n:in..; //a*--;'' for passirv; 
•orougo thij^;r g^o. ■■ red Turn cnul drschargci 
\-: mo -vator po-. 20^*a oO-'L T'-f: tmcrj-oss of tfi^v 

• uipO'- ti-.:-rJ"rr-^ ot t'--^ lo'- j-;.!^1o (:Dcp-?r (.ilat-^? 203 is 
.•.tjOiU hal^ •)! tno thick':i-.s cf th-o uop^ir portiori 

or'ojf in o:"t.:or ti \' wr . ■ ■ . tht.; iis^nO:: Petwoo'i 
oop"' ;::V -naj' -•■ f -o? 209 ^() a - t=,- ma- iini;:-^! 
?• •? •!ito'V-tty :f 'f^'! -^la;) ■i^tM: told, Fc>r this reasc-'^v 
tr.o CO -liny i-: th-- -jw-t p.)rtiof> i^' ^•t^oc tO':J by a 
o.jniLte: i)f ■//atHT-( -ir-f^p fv..| ^'34 provtdt'J 

Vu'zfiiW^ Y\^r CcjIilC; A:Vr IS ft: 1 to tllt: upp*:i 
f>ortioo of tno c(?"p hoi - 234a 'r::m a -Nate; feeo 
piT'O 236 via a f.ip': 238.-; ao.t a S'.-al pi<;m>:) 239(S0t; 
F:q 30 d pass- s thr.';ah an a.ii;^:o'^t -"ic ?p ^-k::-- 

234o v.a a low^ r :cI\^l-\'''\ fiole 240. as iihown ir- 
Fi.:p 39 and is dif <■ fiargo-i to a discharge pipe 237 
via a seal piece ^'39 H'-.d a pipe 238h as in the 
water ttxdinq Two adia-o-ot o^^ee 234a 234b .ji 
tb»:' doof]) h(dos C'^nstitu*" one cooUng //ahyr patf^i 
,iri'! '0-- lijvvt" ilf,'v;tic M hole 240 is divi(jed by 
p!ugs 235 (SCO F:gs. 3*.. and 39'i for tv.o 

A3 showr, n Hit.) SI ooolirig watof for th'-> 
i r:^t-?idf c Dppor clao: 2i)^i ii; fod f:o-ro a v\atoi 
i-'.d M. 242 to 'J wa!--r liuh:? 243.1 if tfie Lai> 
f'late 204 p.i-3^'.es dvpugn .s cij-olruj groo\t:- 

.'-IM- ot the 3t-o-t :.ido -; ■ Pi^or piato 205 'o cool the 
:dM;-*- f ,.if - i:;:.pp(-[ plato oos. ard tii'-r- !^ aiS(dTar(.jro:l 

■ r im disid a;gn hn-^o 2 10 \y a a w.-d^r 'Ld-:- 24 3h 

Ao slii.'v.f. io - ig. 3'':? d^-; o-.-co- Micujtiet 20^' 
; i.'pTp-i-es jpp'i:- f.i w'l' jiJ>g< 203. too opj.'Osein 
o-agrv/'.f; ocU t: 209. no:: ■■ voKt;-: 210 (■Aiiich arc 
\ -roviced a\-:.t)-j 'h- - Icog • :dr-). and sfi :rt.-'?idr> vcko: 
,'] 1 t-'r t.^"T ng ;i ''O:;;:-. V.. ^.^n- - i.r;tA.-..-n ^no mag- 
t.tMi. J 200. Tf e el'.= ..'rnago»::* -lan Ov5 ci.'ider} 
r^*c- fcL.f i:;M'i-^n >. toot thc-st;- pcrtjcns pr(:vide<:l at 
Icf lioc; ari ::of - . Jit; :0.>d by trie r-;r!f:poCtivo 
■•vndi'.g: 2C d t-i.' r.-^eio- vv^' rr-ago^do po'o; 209 
oro t--- rtrsr vof. • > O) ar'1 the- -:;hc- d-r^ :dr ■ 

/V K"s 211. sb. w i f '.J 34. tf'r-j^d po.Tii-ns oao 
he- a:is.Mrb'!o-.1 nt'O an -rdorjfa! construction bv a 
ta.£tr:riir. :j dov;Cf- 223 otipri£ing ti.:) rodr. 220 e<- 
tr^-jir^g virc-ogf to ^ v 'Ko- 210 coid 2M dbK 
ri'igs 2S0 an-i nuts .'M li^ din fltav/irojs ?b4 

O. H-v.-Hi.-..- r..Mt . • - -. .I ihr- y, .U->c 

dt-o.)to-- ,:n I- (ni o ro 

A': i*]'y,\r. \i Fi } 3^J ai-i 'ospt:?('.t '.o tfio c larr^fi) 
dto/ 'o:; 225 f:f f ro^ v h^^ i':ig ;or ?fi':r? sido coppor 
l^^. jtos 205 r-riiv-Tf r d- ^. •-ig-sicio copper fjlato- 
203 d.jring tht; -asofo. 'oe Ljp;:e;r portion is 
oiar^ped using t"<c tio r;: !j 221 conr^f-cTod botween 
\\\'3 wator baxe.^ 202a. 202b and thri disk -prings 
206. as do?:ribt.;.1 abov W-tb rr.'Spcot tno fowe^ 



[.'OftHOT AT' Ml assorrhling th'? oloctfr- ma jnot .'.'0 ' 
by tho fas''~!nirc; dovico 232 s'^cwn ;n fig 34. a 
gap (about 0 5 otjth p ::r(;vK.:od at the divid ng 
p..:!;tiofvi 2b4 bot..v'---r- t' o /-kof 213 ciod 211 afid 
-oor!-;^ d--) ' ■[ pi-r f-Lb^!- 2«J5 aro firoi y h^'lo 
b-M'.vooo tho |.oij-s;do 0(g:.. nr pUtos 20^ tf.roogh 
too rTiirignooo j.i.::o. s 209 aot tHj against tne soring 
i .jrf.:o::: Ot o o-sk :>pr ri'p: 2S') (O :rie fastoo ng 
d.-/ic-- 223 

o; Ao shoA-n -n Fig 32. too :'< ictrormagne^ Zj7 is 

::Liup..:r'0':i I' y 2 [:as:: b<i:r.t 2 M. ao\.l oa i bf; 
adjiistod b'> ,aok bods 249 rri juiitod on the baso 
f-anie 214. sc) ai *o bo posi^ionod relative to :h-! 
Lasting mo. .J 20 1 
OS A.: socAO If! Fi(jS. 4t a.nc! 4^?. foot rcills 2i8 

provi:,ed b^nocd.b the Ccasrin ;j mo ■:i aro fixedly so- 
curod together A'lth ct'OCkj 227, to a foot roil 
mcunting traroo ..'26. mciunt:d on tri-"' l-iwrr sorfa:. j 
ot the yck-s 210 by bolts 228. ao.j can be ad- 
io justed, if riecessary, by lack bc-lis 229 mountecJ on 
tne mvDunting frarno 226. 

Trie ^*ifth ernbodiment of tho ):)rr.>5t?nt nvj'ont on 
ac tit eves ttio f(Olo/vioi; eftect?: 

(1) Tho upper port ons and bwor pf.»ft:C05 of :no 
.'b lofig-si-de c.'pf-tJr pial':^:^ of tr:-:) ■.;ari.-ny nujld ar-- 

dioxtly sLpDc-rtod by tt^: Aater bcxes anci d-e 
ciKignctic fiioics c-* tfie elei.trorT^ignet recpec- 
tivolv, v'lno ttv'reti.ire a si.jtficient rTia()notic tkr< 
dof-'^dy •:bt:iio.rd Further s:r"'r(: the olectrc- 
maij-iut M(i;'no a wd'.li gt.M-^fr:-.;, ':'v^oa; 
widt". cf tht:- t )ng side i;: pr :-vded at die kjwei 
pnit;on cf tt'o c:as*ing rri.ddin^ arid is aispo-io-j 
r>Mr A-L;t:;ti ([ir if joot:';Hi pO(t5 (■: t^i^' two iioroors ijo 
f io'/!o;5 th • ^orof-g o\ \\)C tA--- 'ave-s r-a 1 bo 
••^) lin-ili-d \) a in n(fn..ini tt. v rl, l:o5:-.K.'y onabl-ng dso 

pro-jviction (f d'te doubledav^r ,:a:t piooo Ikk ng 
a cka-' boji'd^iry roHvcr r- ♦b(.' loj'daoo ay{";( r.c- i 
t'^o loru^' la .-■■f 

(?) Such f-nor: ^r r 'ato '•■rkf -?s^ a' i siich ..0. i;-- 
ing ( oust' Ui. :k -n a;/ lTr rf;b)*or ; sliJIic iCiCi! y prciv^^n 
t.> t:)u effect. v« art a^'i(:iod ':: dto L.pp»}r pc-rtC'n 
of t -c cai^t-i'io mo;id 'eoi.irr^g a tdgli .y.-^c eg 
rd-ii'y' lO^'": \ ;ud;ciei't -:-'f- jtn ac.io^st a higt^- 
t- rof ora'uro i K":fo' o>ati: ^r ' 'b ro- prj'd tc d.o 
i--)WO' pofti'> 0 aPoAO'"l t=,' b«- i-b-rn in or.ci'o-g 
abilcy and t'KifvtcmpO'aturo strc n^tli to d>e up- 
por :.»ortion. dio ccopra ao^ ^hioKor-ss dierec-' is 
at'oid half :f that of tto:' uppoi po-norv dioicl'V 
nvixrri/ nij d^e magnebc :ir*fisdy anri al"^"n 

As a 'Ooilt th{^ ■oaqo- tic f'ux donotv cf a 

■vV.W . -J, y f( r pr-iOtl^O' I. St? i ^: C -OT p a ' ^ C' ■ ' ^ 

With casa:-.g at. .Iity . 

(3) 1 ho .~;ltO tf omagrTf^d is di/io-^d 'rdc tho y 'k^.' 
5r^ poi'tions. re 5o< actively -nc odirig tt-o two nnagn-atic 

poles and Aindings. a-^rj too bvo yo^o [: C'rt:;jr'iS 
fu' fooriog ttir-i maqn3!ic pad^s, and can br-> 
assO'T^tib-;- by tt:o fastening -.lo lo.; oorrpro-nq 
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the t,e rods and the d,sk springs. Therefore, the 
assembly and disassembl/ of the elearomagnet 
can be done easily, and the time and cost for 
niainter,ance of tho casting rncld can be saved. 
Further when assembling the electromagnet 
by the fa.,teninQ device, the gap ,s provided t^e- 
Jeen the yokes, and the shu.t-s.de copper p ate. 
can be held between the loog-sids copper platen 
by the torce of the d,sk sp.ings ,n the fastening 
device. Therefore, the c.oss-section of the casting 
mold can be maintai.ied evr.i d.nng the casting, 
thereby ensuring the precision of the cross-sec^ 
tional Shape and dimensions of the casting mold 
and the quality of the cast piece. 

Figs 45 to 54 show a sinh embodiment of the 
present invention, and this si-th embodiment differs 
from the fifth embodiment on the following points 
Namely, each of water boxes 302a, 302b has a 
watei feed box 362 and a wate. discharge bo. 361^ 
and backup plates 363a. 363b -^P^f -^^'from 
support long-side copper plates 303a, 303b f cm 
the upper portion to the lower portion The backup 
plates 363a, 363b are f.xedly supported on mag- 
netic poles 309 of an electromagnet 307 by a 
number of bolts 317 e-tonding through the mag- 
netic poles 309, The cooling of the long-side cop- 
per plates 303a, 303b is effected by feeding cdoI- 
L water to a number of grooves 33. formed .n 
the copper plates 303a. 303b Irom tne upper por- 
,on thereof to tt,c: lower portion thereof The water 
s supplied to the g-ooves 33. from a number o 
grooves 364 which arc formed m those surfaces of 
L backup plates 363a, 303b to which the copper- 
plates 303a, 303b ... attached respective.ly, the 
qrpoves 364 beirvj provided al such positions as 
not to interfere witn tne giooves 331. More specifi- 
cally, tho coo ing wat.x to oc fed to the copper 
plates flows down from the water feea boxes 362 
through tho grooves 364 in the backup plates 3.3a^ 
3C3b, and flows up th.cugh the :ooliny water 
grooves 331, formed in the copper plates 303a^ 
303h, via water feed header. 36Sa. 3b5b provided 
at the lower end portions, and is discharge 1 to the 
water discharge bo.es 36. v,a w.ter discharge 
headers 366a, 366b pn.vidcd at the ^PP^- ^-^^ 
portions, thereby achieving an effect.ve cool.ng of 
the cooper plates 303a, 303b 

The sixth embodiment ol the present invention 
achieve? the following effects: 
' T^.^ i,.r.,~,-<=i-1e -c,nn.=.i mate of .He -ast-^ 

mold is g.ound, for e<ample, in orJer to remove 
mars on the surface thereof after the copper 
plate ,s used many tim^s. At this time, even if 
n,e fixing of the elftctromagr.el and the magnetic 
pole relative to the lower portion of the copper 
',a,e is released, a free deformation of the cop- 
pe. plate is hmited by the backup plate, and 
therefore as tram-removing operation before the 



grinding is no. needed, and also the amount of 
grinding is kept to a minimum, tboreby prolor^g- 
ing the lifetime ol the copper plate and also 

reducing the running cost. 

,2) The upper and lower portions of the copper 
plate are the same m thickness and also the 
cooling construction at the uppe, portion ,3 ne 
same as that at the lowe- portion, and ■.he.efor., 
the reduction of the manufacturir.g cos. can be 
'0 achieved 

Claims 

1 An electromagnetic brake device for a cont.nu- 
„ ■ ous casting mold, conrprising an electromag- 
net said electromagnet comprising magnetic 
poles which are provided respectively at long 
sides of the casting mold of a rectangular 
cross-section and are d-sposed in opposed 
relation to each other, said "^^9"^*'^ P"'^^,'f^': 
ing a width generally equal to a width of the 
long side of said casting mold; ooiis wound on 
outer peripneries of said magnetic poles, re- 
spectively; and an iron core piovided in sur- 
,6 rounding relation to said casting mold. 

2 An electromagnetic brake dev ce lo. a continu- 
ous casting mold, comprising an electromag- 
net said electromagnet comprising magnetic 
coles wh.ch are provded re..pectivety at long 
sides of the casting mold of a rectangular 
^ross-section and are disposed m opposed 
relation to each other, said magnetic pole hav- 
ing a width generally equal to a width of the 
long side of said casting mold; coils wound on 
oute. peripneries of said magnetic poles, re- 
spectively, and an iron core provided in sur- 
rounding relation to said casting mold; said 
iron core having a pm of yokes resoec lively 
including sa,d magn-Mic poles, .provided re- 
spectively at the long sides of said casting 
mold, and a pair of y^kcs provided ospec- 
tively at short sides ol said ...astmg mold 

3 An electromagnetic brake device lor « continu- 
ous casting mold, ;:omprising an electromag- 
nei said electromagnet comonsing magrietic 
pol.s which are pio-.ded -espoctiveiy at long 
sides of the casting mold of a rectangular 
p...ec.=-..-t-n and 'Vn..«^ - -^^--"^^ 

relation to each other said n.agnetic pole hav- 
ing a width generally equal .'^ widtn of the 
long sideo: said cast r.g n^olc; coils wound on 
outer peripneries ol saicf magneti,: poles, re- 
spectively; and an .ron core provided ,n sur- 
rounding n.lation to said casting mold; sad 
iron core having a pair of y)kes respectively 
including said magnetic poles, provided re- 
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^:pHCt^veiy at \\''^; !ofv;] -rles sai^l '"astiru; 
rroid. ar d a p£-i;r' L-f yOKes prcvLlei i rpspoc- 
t'', «: y 3t shcrt sidos of Sr;Kl casti"'"; f^vjl-rl t^^or^^ 

3t tf].-. irj'v-^ ;i'1rr: of sa;:: :.i\sv^^'} 
sac yokr < at Wi-'- srcrt :;;..1f-s o" saiM 
.: a;: iF^i cioL.i. 

Af^ :!:oct'omaqr-^;t!C crakf- •ie.-ic*^ to- a nu- 
''.•iii cast.ng nv id '::o'7ip' isini-; an e^octr :if nag- 
: r{. said t..:'-;-::!* -nia^f o- c c-fVipr'; ./.y rna^no^ir 
p'- - 3 vvl- icfi ar-' proviclod rerJpe;:. tive-ly at ong 
iui'i'S of tfT'? casting r^oid of a roctar)-;' j!ar 
rof.s-s-if- "tion a.'^o are ( J: 5p(:)S€":.i tn c^p^i.jsci-.l 
relati':.'n to eacl! ijUi-rr. ::;aid niagnoNi; polo "lav- o^ 
M-j a v\idth geneiaily -:gual to a widtn jf tri'.? 
■Ofi;; :3ide of sa.d i:;aotif^.j nicld: cdiIs woLfid 
T'utor pM?ripherio:? of said rragnotic poles ro- 
c-r (r.-:* '-.ly; ::;-d ar. iroa „ufy p.-.-vioL^a in sur- 
rounding reiatK.'fi to sai.i casting nioid. saici 
irori core having a pair -y. yokeo respectively 
inol jcing said magnetic pole-i:. provided rc- 
^pH.:t've!y at tfic; I'jng sidf?^, (jf said cabtin_:i 
rri.jid. and a pair of yohi-s oiC'Vtdcd re'SpOL- 
tiv(:'ly at ^fiorf MdfJb" of ^Uid (..acting rriolU, •:ai J J:-> 
ycki-s at th-:> k^'^^ sides of ^a-.c casting n-".oM 
being ocnnr-cttoJ tc said yokes at tho :dior* 
sid^-s C'l said castarg r^^old oy Sf)rifigs and tio 
radi: 

An : lee troma'^neti-:: brake- Ll-iv;c.o tor a coinno- 
oir: ranting rnol':! .lorriprioing afi ooctrarnag 
{it't incloding niarjn^ th:: polos wnndi art- pro- 
'..id.- ("i r-p:-^pe< tiv-'jly at 'on--; > rip-, tan ra: tmg 
i*'-o''J .'I a ife^ciangiilar ';.)hs-:: jcIod a; d ar-.! 
^:^'S^:osea in c-pposod f--lat=cin to oach otorr, a 
fT'agfic-tic ficHd, fModur:c:d Ixttwi^-- ;n said niag ■ 
ro-..-: pa'es, acfing -"in a Wcw or -ooitai^ :-tf t I 

I! -i /M g in a I G r ornt-rliri -la: O.: n.-ti -^i: t'~ O'l:. ! 
i ' a-)n.-:ttt fi^-ld t^J tne'rl-y pnui-jct^ run 
rnr^Ofit \y prDd-iCm.^ an o:e:::tnjniagnetfC tarj-j 
t.../ .vhiofi tfu: ry.aiton stoc i flov' -i.^straiMci; a 
vacld) of saio ra.igr^^t:: ^;>olo :m sad o*o- tfi"- 
n'a-)nF-* ir a hon ^orir.il OKf i^aori b'0;ng ooiiil t ' 
r-r »-jrea!i'r tf'.an a widtti of -no i-ing s do of >iai< ' 
casdnc) mold and a 'ufsigiit rt said magret!: 
poi^;; of raio t^i^ ■otro'nagnet n a vortical direc- 
t.C'[- b^'ing gteattif at its end [.:o:t ).)n-; tf^afi at it: 
(^t~•nt''al portiof^ 

An :*lec tromagrotic l:raKo da.'iot: ta-r a ccn ifiu- 
(Oii cashing rrioki (oa-Tipri ooij art o f)Ctf >T~'iag- 
lOO in.dL.dmg niagnot p )ios voi aii ar^ orr- 
vidrd rr-spoctivoiy at ''t-Kj -ios tn.-: ra- tini; 
nr.ol'1 C'f a rectangulai cross-^ecton and aro 5:) 
disposfjd ir opposod folati'^n to oacfi odior. 
:Eaid magnetio polo f^a- inig ci wun^i oo^nr:;a i/ 
oqoal a width af f^-; Img .-a^jo of aaid 



casting n^oid: saio oierorrmagf^^^t ' a >r tr- ;M ruj 
and restraining the flo^Aing of rrolten steo 'od 
^ro'Vi an rnmersior- nozzle of a contaTuoi j:. 
;a--;tr"i J apparatu;..- by an oloctrc'-Tiagn-at: 
foi :o; i'ac^oc: plat-- s wnich s,.ppad tt^; 'cfig 
oc'os 0- sai'i caatioQ a^old b./ing maaf) -r a 
magnt't!:; niator:a and those portions made 
ia.d n^agnotio ma:'.Mial oomg d.sp'osod noar 
inc. er-d.-: of said rr-a jnotic pc-IO'S. f'/Sfi-r Civatv 

7. Ai! ob-c*roraagn:Oi . ora^a dt-vi.. \c>i c '..ajniifiu- 
■"lUH i03-.ting m-jlo. according \o olatrr 5 ifi 
-vfiich that piorti'i-n ntade of vaid magnetio ma- 
ter-al i? e«»-?noe(d in a h-jruontal d rect^on 
.ibJiit 10 J in-'T) TO at ODl 250 airn frorr^ tfm o-nd 
'jf Said nagnotio p< »ie towar-l the :o::ntral per- 
son of the magnetic pcie, an'."i also i^; f3xtcndod 
•1 a V'3rtical dirf^ction at lea.^-t nvpr :f, oeight of 
■:aid magnetic pole. 

8. An e"lectroriagneti«: i;-rake devi'".e for a continu- 
ous casting mc-ld according to any one of 
^dalrr.^ 1 to /*. in wf^ich said riTagntJti.: poles are 
di>:Do>.ed at a level l:>elow a molten steel injec- 
iion pi rt -^'f an immersion no^'^k.:. 

9. An clcctnanagnetic l^rake de*vii..e fc-r a continu- 
cu? ra-ding rr^ijld aci:ordin-"j :o claim y. in 
which sanj 'lasting nvj|..1 is placed c-n a maid 
viL'cil: ai tc:iOc-. ^anJ ol«; otron laann! t-iar y ^n[-- 
po'toci cy an eiectrc>tTiagn< si.-poc-rt (iovice 
;3C|:)ara:( from said mold vibration taoic . 

10. An r l:'.c*r-:inoagneth: bra^o dcviio:- fc-r a cnfUn'iu- 
i.'Ui cd:-!inj rTnliJ K. jr^lia ^ '.n .ia:m ^. ir: 
whicli a ;iip)i:)ort member capable of L;upport ng 
;:aid ;.adin") m'l 'd la mounted en :jaid idoi^- 
T'f'-f^ :t. rnol . .^'port ni..oai.oi :.M-c:oiirx; an 
rynha-i(:;c c saiO ra?titv^ nv^ld aoo sas i ou-' - 
■ .a;ma' jr^-ct -n s jcIi a manrier tbcit sa-d cast f'g 
nak'i a no said e-ectrc magnet are in:ograiiv 

^mr -1 a gr!*hcr 

11. Afi o:-- tr^iroagnt-ac lira^^a rieM: .■ fur a = (Mitwa;- 
CU5 t;a-.tin;j lv^^r_■V^ c:co'jidia .o any vf 
rlaim- 1 to 7. in \^nich there- i^ orovidoo a 
mold -ropport fraine for sup-pC'^Tie g --aid oir>r- 
*M)aTa!jnet. water bo-es and ■ anj ca::ting rTio d 

i'lj? ca-iting mcjiii acccirdmg :o any oi^n at 
:!aim- ' tn 7 for u-^.- in a a- ■tinu^-us aa-O ivj 
..":f;>jar ati j:. 'Aiitijn comprises va'o irnfnt.;rs ' 'n, 
f.oa/rs .vh.ose rriolten stet^i inieo:ion ports a/e: 
disposed resp ec:tive:y at different hO'ghts r.nd 
the casing riiold of ^; rectangular cross- sectn'n 
<a.v1 toake device c-jmprising said electr'.;:^iag- 
'i..-* .ofnprising magnetic p'^ie; A'tii> h of- - 
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vided respectively at long sides of the casting 
mold and are disposed in opposed relation to 
each other, said magnetic pole having a width 
generally equal to a width of the long side of 
said casting mold; coils wound on outer pe- 
ripheries of said magnetic poles, respectively: 
and an iron core provided in surrounding rela- 
tion to satd casting mold: said magnetic poles 
being disposed between said two molten steel 
injection ports. 

13. An electromagnetic brake device for a continu- 
ous casting mold according to claim 12, in 
which upper portions of copper plates at the 
long sides of said casting mold are supported 
by water boxes whereas the lower portions 
thereof are supported by said magnetic poles. 

14 An electromagnetic brake device for a continu- 
ous casting mold according to claim 13. m 20 
which upper portions of cooling water paths of 
said copper plates are formed by grooves 
whereas the lower portions thereof are formed 
by deep holes. 

15. An electromagnetic brake device for a continu- 
ous casting mold according to cla.m 12, in 
which each of water boxes disposed respec- 
tively at the long sides of said casting mo;d 
has an opening into which said magnetic pole 
can be inserted, a backup plate of stainless 
stoel and a copper plate being provided at that 
side of said water bo:< close to molten steel. 



25 



45 



12 



EP 0 577 831 A1 



CD 

CM" 



CM- 



6 

CO 



CM 



CM 



CO 
CM 



a 



in I 



o 

CJ^ 
CM 



o 



lO 



U 



00 



r><:i CM 



-44^-. CM 

CM 

ro 

-ro 
cvi 



CO 
CM 



ro 



EP 0 577 831 A1 



FIG. 2 




FIG. 3 
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FIG. 4A 




FIG. 4B 
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FIG. 9 
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FIG. I6A 
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FIG. 29 



MAGNETIC FLUX DENSITY DESTRIBUTION IN 
WIDTH WISE DRECTION OF LONG SIDE OF MOLD 



._; i-- 
IX. 



<liJ 



1.2 

LO 

0.93 

0.8 

0.68 
0.6 

0.4 



0.0 





4TH 
EMBODIMENT \ 


9 


1 ST ^ 
EMBODIMENT \ 


X 




1 600 '-CAST PIECE WIDTH ) 
1 1 .1 1 i 1 .... , J — 



-800-600-4 00-200 0 200 400 600 800 



DISTANCE FROM CENTER OF WIDTH 
OF LONG SIDE 



on 



EP 0 577 831 A1 




^1 



EP 0 577 831 Al 




on 



EP 0 577 831 Al 




EP 0 577 831 A1 




EP 0 577 831 A1 




EP 0 577 831 Al 



F I G . 34 



254 



"7" — 7~ 



"7' 



220 254 250 ^23 



y 





2IO 2n O G) 255 255 

218 



2IO 



Fl G. 35 



:xxxvi— 



203 X ^2020^^^^^^ 



XXXVE 



:xxxvi 




214 



210 



EP 0 577 831 A1 



FIG. 36 




203 



234a 235 
234b 



240 




233 



FIG. 39 



234. 



239 




'238a 



234b 



234a 




235 



•240 



EP 0 577 831 A1 




EP 0 577 831 



FIG. 41 



218 



227 



FIG. 42 



227 



229 - 





EP 0 577 831 A1 




EP 0 577 831 A1 




EP 0 577 831 A1 




EP 0 577 831 Al 



F I G. 48 F I G. 49 




FIG. 50 




EP 0 577 831 Al 



F 1 G. 52 F I G. 54 




FIG. 53 

331 




INTERNATIONAL SEARCH REPORT 

l-^ternatonal AoQi.za\, P C T / J ? 9 1 / C J 2 2 3 



CLASSIFICATION OF SUBJECT MATTER ( t several cSasaificalion s^-oois aoci/ i-a-cate a':5 
5 Patent Cla JErfication (PC) or fo ooth Nat C 

322D:1/04 , 322di:/:g 



Aczordirj to l-^tef -laucas Patent Cla JErfication (PC) or ro ooth Nat orat Classrfir »t:on and IPC 



'I FIELDS SEARCHED 



M niTium Ooiumentation iearch-d 



Classification S,stsm ClamficatiDn Svx.ools 



[PC B22D11/04, B22D11/10, 322D11/00 



Docurr,en!at'on Searched oth«r than Minimum Oacunentation 
to the Extent that such Docuncnta are Incljded in the Fields Searched ' 

Jitsuyo Shinan Koho 1983 - 1991 

Kokax Jitsuyo Shinan Koho 1975 - 1991 



m D OCUMENTS COMSiDEREO TO BE RCLEVAWT » 

Cate jory • ' Citation of Oocumgnt. w ith indication, wnere appropriate, oi tha r«i«vant paasaoea { Relevant to Claim No. 

P JF, A, 2-284750 (Kawasaki Steel Corp.)/ 1-15 
November 22, 1990 (22. 11. 90), 
Lines 5 to 20, lower left column, page 1, 
Figs. 1, 3 to 5 (Farr.ily: none) 

A JP, A, 1-271042 {Mippon Steel Corp.), 1-15 

October 30, 1989 (30. 10. 39), 
Lines 4 to 11 , lower left column, page 1, 
Frgs. 1 to 4 (Family: none) ! 

A JP, A, 1-271030 (Nippon Steei Corp.), ' 1-15 

October 30, 1989 (30. 10. 39), 
Lines 4 to 12, lower left column, page 1, 
Figs. 1, 3 (Family: none) ' 

A JP, A, 1-271029 (Nippon Steel Corp.), 1-15 

October 30, 1969 (30. 10. 39), 
Lines 4 ^o 20, lower left coiu.^n, page 1, 
Fig. 1 (Family: nnr.f^) 



bpecia. categories of ctted docuTtents 

A dcKument defining rhe general state of the ad which is no« 
conaicJered to of wafticu^ar -eievarce 

E earlier document Out puDnsreci on or afle' f^e •-•temationai 
f i.rg date 

I documer-t which •^nay Ihrow doufcts on pnonly Llaim(s) or 
.vhich iS citftd to e*tahtnh thp publicalton date cf anot»ie' 
citation cr ether soecai reason tas specified) 

oocun>ert referring !o an oral disclosure uae enh.b'tcn or 
other rneans 

^ document puDnshed prior lo 'he international •■i>ng oale du! 
later than the orior>tv date ciairrerr 



:3ler dcxrLf.ment DuDiished afier tie intemationat filing date or 
P'-ionty date and not in cDnliict with rhe application but cited to 
onders'and the pr-nciote or theory underlying Ihe invention 

documer'to* oartrcjiar relevance the claimed irvention camot 
be ropsidered novp' or cannct be considered to mvotve an 
Tve-itiye step 

document o( oarticjiar relevance the claimed mventton cannot 
be considered to involve an inventive step when the docurnent 
'3 combined w>\*-> one cf more other such documents such 
combination being obvtouS to ■ perior skilled n tf^e arl 
documenr membe' o' tfie same talent f5mi)> 



U CERTIFICATION 

Dat(> of thf Actual Cnmpietinn rt thp Intprna'iomi S»-»a'ch 

April 22, 1991 (22. 04. 91) 



Date cf Mailing of this 'nternat onal Searcn Recort 

May 13, 1991 (13. 05. 91) 



Hternationai Searching Authority 

^apanese Patent Office 



Signature ot Ajthonzed OfTicer 



P"o'"T' PCT ISA ;iO;a«con<3 sr-ea I ) .January 1585!' 



